Magnesium is one of the most important cations for an organism. The aim of our study is to evaluate whether the use of a magnesium formulation as a diet supplement or medical treatment is necessary. The 24-hour recall method was used to obtain information regarding the daily magnesium consumption of 949 people. The results were compared with the Estimated Average Requirement (EAR) and Recommended Daily Allowance (RDA) values. The average daily requirement for magnesium was exceeded by 292 (183 women and 109 men) of the 949 respondents. This research confirmed excessive magnesium intake by both men and women that exceeded both the EAR and the RDA. Uncontrolled, excessive dietary supplementation or medical treatment with magnesium by this group may constitute a health threat.
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A well-composed diet provides an organism with all the essential nutrients (1). Uncontrolled dietary supplementation of magnesium or use of magnesium therapy may cause disruptions in metabolic processes, which, in tum, may result in a disruption of homeostasis (2, 3) . An analysis of the daily consumption of magnesium is highly important (4, 5) . The increased intake of foods containing magnesium in combination with unjustified dietary supplementation with widely available solid, oral forms containing magnesium salts or multi-component preparations may lead to hypermagnesemia. Hypermagnesemia is an electrolyte disturbance in which there is an abnormally elevated level of magnesium in the blood. Usually this results in an excess ofmagnesium in the body. The symptoms of this disturbance include weakness, nausea and vomiting, impaired breathing, hypotension, hypocalcaemia, arrhythmia and asystole. Hypermagnesemia is defined by a serum magnesium concentration > 2.1 mEq/L (> 1.05 mmol/L), and the clinical consequences vary by serum concentration (>4.0 mEq/L hyporeflexia, >5.0 mEq/L prolonged atrioventricularconduction, > 10.0 mEq/L complete heart block,>13.0 mEq/L cardiac arrest) (6) . Serum magnesium levels are regulated by the kidneys, and a normal plasma magnesium concentration is approximately lA-l.7 mEq/L. Hypermagnesemia is often iatrogenic and is commonly associated with excess magnesium intake by patients with renal insufficiency or renal failure. Concentrated sources of magnesium include antacids, enemas and total parenteral nutrition (5, 6) . Consequently, the excessive use of preparations containing magnesium salts for medicinal purposes may constitute a health threat (7) (8) (9) .
Studies conducted in Poland and elsewhere have highlighted concern regarding the maximum standard intake, also known as "the upper level intake" (UL) (10) (11) (12) . This intake is defined as "the maximum upper tolerated level ofthe standard intake from all food components that does not constitute the risk of adverse effects in almost all people within a particular population" (10) . Recommendations aiming to establish the UL value were presented in a Food and Agriculture Organization (FAO)/Word Health Organization (WHO) document (11). A group of FAO/WHO experts has defined a model of research that is helpful in establishing the UL for particular substances. This fixed model includes the identification of the threat caused by the substance, the characteristics of the threat, and the calculation of the dietary intake of the substance.
In the case of nutrients such as magnesium, there are two kinds of dietary threats that should be analysed in respect to health threats: excessive and insufficient intake. The symptoms and consequences of hypomagnesaemia have been described in great detail, and reports presenting the physiological effects of hypomagnesaemia are common (13) . For magnesium, a UL value that considers the consumption of magnesium through food, as well as additional supplementation, has not been established (11). Although UL values for magnesium have been established for the United States and Canada, they reflect only the amount of magnesium obtained from dietary supplements. Experts consider the standard intake low and do not believe it constitutes a health threat.
The European Commission for Health and Consumer Protection has published an opinion on the establishment of a UL for magnesium. In this document, the authors note the lack of reports concerning health threats caused by increased magnesium intake in daily food portions (14) . However, there are reports concerning excessive supplementation or the use of pharmaceutical preparations containing magnesium. The noobserved-adverse-effect level (NOAEL) value has also been established at 250 mg per day, whereas the low-observed-adverse-effect level (LOAEL) value is 360-365 mg per day. The NOAEL value refers to the magnesium intake from the supplements containing its dissociating salts.
Excessive levels ofmagnesium may be consumed through uncontrolled supplementation. At the same time, increased dietary magnesium may constitute an additional risk for organisms, including humans.
Magnesium (Mg2+) is the fourth-most abundant cation and the second-most abundant intracellular cation in vertebrates (15) . Magnesium plays an essential role in a wide range of biological processes by forming a complex with adenosine triphosphate (ATP) and as a cofactor or allosteric activator. In many enzymatic reactions, magnesium is critical for basic cellular functions such as DNA transcription, protein synthesis and energy metabolism (16) . The distribution of magnesium in the body indicates that approximately 53% of this element is present in the skeleton and 46% is present in soft tissues. In other words, 99% of magnesium is associated with the connective tissue. Magnesium influences the fatty-acid composition in the cell membrane (17) . Gunther described the important biochemical functions of magnesium in insulin secretion, insulin signal transduction and resistance (18) . Numerous publications have reported the clinical aspects of magnesium homeostasis.
The aim of our study is to evaluate whether the use of magnesium formulation as a dietary supplement or medical treatment is necessary. This evaluation was made using 24-hour recall method in which the patients recalled the previous day's food intake. The evaluation enabled us to evaluate the dietary intake of magnesium of these patients.
MATERIALS AND METHODS
The respondent group included 949 persons (576 women and 373 men) aged 18-74 years. These respondents were the families of dietetic students living in Poland.
This research utilised the 24-hour recall method and was carried out three times per person according to the recommendation of the Polish National Food and Nutrition Institute, which is used by many scientific centres in similar studies (19) . With this method, a dietician asks an individual to recall all foods consumed in the past 24 hours. The interviewer prompts the individual for information on brand names, portion sizes, recipe ingredients, cooking methods, condiments, and beverages. The respondents evaluated the quantitative and qualitative content of the products on the basis of the data included in "The Photo Album of Products and Dishes" (20) .
The "DIETETIC 200 I" computer programme was used to calculate the magnesium intake in the reported daily food portions. The obtained results made it possible to evaluate the intake of magne sium in daily food portions in groups that varied by age and sex.
RESULTS
The average daily intake of magnesium was 219.9 mg in women (N=576) and 271.9 mg in men (N=373). The average daily intake in the entire respondent group was 234.8 mg. The highest average daily magnesium intake (by sex) was among women aged 26-60 years (230.3 mg) and among men aged over 60 years (283 .3 mg) (Figs 1-2) .
The data indicated that 111 of 576 selected women exceeded the Recommended Dietary Allowance (RDA) for magnesium, which in the case of women younger than 19 years is 360 mg, 310 mg for women aged 19-30 years , and 320 mg for women over the age of 30 (14, 19) . The most frequent group exceeding the RDA for magnesium was women aged 19-25 years. In males, the daily magnesium intake was exceeded by 63 respondents. The RDA for magnesium is higher for men than for women (410 mg and 400 mg for men under 19 years and men aged 19-30, respectively, Fig.3 ). For men over the age of 30, the RDA (420 mg) does not depend on age. The Estimated Average Requirement (EAR, the accepted standard level of nutrients that an average person requires) for magnesium was exceeded by 292 respondents (183 women and 109 men, Fig. 4 ).
D1SCUSS]ON
Scientific research examining nutritional habits has been mainly focused on the deficient intake of particular nutrients, such as vitamins and microand macroelements, rather than the effects of their excessive intake. Magnesium is one of several nutrients that may cause detrimental effects when present in excess, such as neuromuscular effects (confusion, lethargy, respiratory depression, muscle weakness/paralysis), cardio vascular effects (hypotension, bradycardia, cardiac arrest) and nausea and vomiting (3, 5) .
The effects of magne sium deficiency are wellknown. The clinical manifestations are anorexia, nausea, vomiting, letharg y, weakness, personality change, tetany (e.g ., positive Trousseau 's or Chvostek's sign or spontaneous carpopedal spasm, hyperreflexia), and tremor and muscle fasciculation. The neurological sign s, particularly tetany, correlate with the development of concomitant hypocalcaemia, hypokalemia, or both. Myopathic potentials are found on electromyography but are also compatible with hypocalcaemia or hypokalemia. Severe hypomagnesaemia may produce generalised tonic-clonic seizures, especially in children. There are an insufficient number of reports examining the causes of hypermagnesemia, but the number' of reports indicating hypermagnesemia is rising . A high supply of dietary magnesium in addition to the additional intake through widely advertised and available supplements may constitute a risk of hypermagnesemia. The excessive intake of oral antacids, laxative and cathartics containing magnesium salts or swallowing of sea water may lead to hypermagnesemia (8) (9) (10) .
To investigate our hypothesis that uncontrolled magnesium supplementation or medical treatments and diets rich in magnesium can lead to hypermagnesemia, we performed a study to determine the daily magnesium intake . Seo and Park indicated that the RDA for magnesium in adults is 4.5 mg/kg/day (21) .
The RDA differs from the Estimated Average Requirement (EAR). The Polish population standards of nutrition define the average daily requirement for magnesium. For men between 19 and 75 years of age, the EAR is 340-350 mg, whereas for women the EAR is dependent on their age and is between 255 and 300 mg (22) .
Our results indicate that women aged 19-25 (N= I08) were the most likely to exceed the EAR for magnesium. A similar result was obtained for men in the same age group. The average daily requirement for magnesium in food portions was exceeded by 183 women and 109 men (out of 949 respondents). in 2004 (23) . The authors found an increase in daily magnesium consumption from 271.49 mg in 1994 to 309 mg in 2004. Szymelfejnik et al. evaluated the daily magnesium intake in students aged 18-26 according to 6 levels of daily magnesium intake (24) . The average daily magnesium intake was 204 mg for female students and 319 mg for male students. A magnesium intake greater than 308 mg for women and 385 mg for men was considered excessive. The authors found that 57 female students (N=488 respondents) averaged more than 385 mg of magnesium per day. In the case of the male respondents, 52 students (N=217) exceeded the average intake of 503.4 mg of magnesium per day. Therefore, their magnesium intake exceeded the RDA.
Klos et al. evaluated the magnesium content in daily food portions in young men (aged 19-23 years) performing compulsory military service or serving a prison sentence (25) (12) . Moreover, the research indicated that dietary supplementation was taken by 78% of the men in prison. Taking into consideration the additional magnesium supplementation used by the respondents, the average daily magnesium supply in that group exceeded the recommended standard. The amount of magnesium consumed via food portions and supplements averaged 378.1 mg in 2002 and 382.8 mg in 2003, which constituted 108.0% and 109.4% of the standard safe level, respectively.
Although it was established that the average magnesium intake had been lower than the recommended daily intake for this element, the aforementioned study indicated that 174 respondents from the group exceeded the RDA and that 289 respondents exceeded the EAR value. It should be highlighted that the evaluation did not include dietary supplementation or drug use that might increase a respondent's magnesium content.
Our results confirm previous reports and indicate the risk of exceeding the RDA or the EAR should be analysed in detail to determine the percentage of respondents who make dietary mistakes in regards to magnesium intake and whether supplementation may cause a health threat (8-10). Hunt et a1. presented a mat hematical model to calcu late the average daily requ irement for magnesium (26) . Thi s model was built on the basis of numerous publications concerning the calculation of magnesium balance (the relationship between the amounts provided and expelled). These researchers suggest that in addition to age and sex , metabolism and excretion (via urine and faeces) should be considered when performing these calculations. These resea rchers concl uded that magn esium intake should be 165 mg per day. This intake reduces the current recommendations by 35-48% for women and by 50-53 % for men .
In the current study, we found that in the groups studied, there was a high number of women and men who consumed exce ssive amounts of magnesium through daily food consumption, exceeding both the EAR and the RDA. This excessive intake must be considered when magnesium supplementation is considered. Magnesium consumed in combination with unco ntrolled, exces sive dietary supplementation or medical treatment may constitute a potential health threat.
